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ABSTRALT

This paper 1s concerned with the "Square Root Damage .
Law"--an analytical method of computing blast damage on target E
3 ‘ complexes. The Law assumes that target value is a continuous
t functior of position, and replaces a set of individual weapnns
attacking a target by a weapon density function that is optimized

E‘ to give maximum damage. This basic approach is applied to

Ly several types of target damage functions and methods of weapon
= 1

& targeting.

Attentlon is restricted to cases where the results can be
presented in relatlively simple analytical form. The derivations
are presented in some detail to illustrate tne nature of the
results obtained. Charts cof damage are presented for sets of
dimensionless parameters that govern the damage sensitivity to !
b weapon usage. As a practlcal application, they can form analyt- :
: ical bases for explalning the results obtained from detailed
numerical calculations of the damage for a particular target
from a specific set of weapon almpoints.
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Chapter 1
INTRODUCTION

Sl kv

B

In assessing the effects of nuclear attack upon target
complexes, attention often is restricted to blast effects, or
more precisely to effects where the probabllity of damage 1is
taken only as a function of the distance from & weapon, inde-
pendent of direction. In many cases the target complex is
assumed to conslst of a set of discrete target elements; each
element has an overall probability of damage obtained by com-
bining the probablilities of damage from separate individually
located weapons; and overall damage 1s calculated by summing
the effects on each target element. While this type of calcula- 1
tion 1s the natural way of assessing blast damage from a s
particular attack, the results are strictly numerical and no
analytical insight is galned from such a calculation.

3
3
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Analagous to the dichotomy between particulate and continuum
mechanics, an approach to casualty estimation can be developed 3
where target elements are replaced by a target value as a con- H

T RS SOEIAY AR 0 ¢
g'bk

L tinuous function of posltion, and weapon locations are replaced
;i by a weapon density function. When the target value function |
. is a circular normal function, the local fraction of damage
is an exponential function of weapon density, and weapons are
optimally targeted against value, a simple expression can be . é
obtained for overall damage to the target complex as a function 7
of weapon usage. This expression has become known as the
"Square Root Damage Law." A derivation of this law, using a
somewhat more general expression for probabillity of damage as




a function of weapon usage, is given by Galiano and Everett.!
A comparison of the results of this formula with the results
of calculations againast individual target elements is given by ]
Schmidt? for a variety of cases. A surprising degree of agree- 5;

ment of the two methods 1is evident.

Despite the venerablility of the Square Root Damage Law, no ?
efforts have been made to apply this general approach to other P
situations. That 18 precisely the intent of the present paper. ;;
In this attempt, the algebraic structure is presented in some ';
detaill to ussist in underatanding the nature of the results. 3

i aci o

Chapter II presents a derivation of the damage laws when
the population is in a c¢circular normal distribution, or uni-
formly distributed in & disk or in a ring. Results are obtained
from situations where the targeting is optimal against one type 3
of target value distribution or hardness, but the actual hard- r%
ness 1s of a different type. Such results are of interest when
two separate types of target values are collocated, e.g., where ]
3 the targeting is optimized against the industry in a target E
§ complex and the evaluation is against the population. ‘

Following this, a more generalized derivat;on of the damage 3
Ak law allows damage calculations for value distributions that are
: a function only of radial distance, but are arbitrary in shape.
Several applications of th's derivation are presented. Finally,

some factors influencing the shape of the damage functions are
presented.

Robert F. Galiano and Hugh Everett, III, Defense Models IV, Family of Damage
Funotions for Multiple Weapon Attacks, Lamda Corp., Paper 6, March 1967.

21e0 A, Schmidt, A Semstitivity Analyeis of Urban Blast Fatality Caloulations,
Institute for Defense Analyses, IDA P-762, January 1971.
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Chapter 1
ANALYSES

A.  SQUARE ROOT DAMAGE LAW DERIVATION

This section will rederive the Square Root Damage Law 1in
some detall as a bYasic algebralc theme from which variations
will be taken. In so doling, the algebraic structure rather
than the logical basis is of prime interest.

Assume a population, VO' is a c¢circular normal distribution
so that the population density at any distance r from the center
of the distribution 1s

V(r) = V0/2na2 exp(-ra/aaz) . (1)

In subsequent discuscions, the distribution of the targeted
va.ue, VT, will usually be different than the actual one; in
descricing the former, o will be replaced by B; in the latter,
o will be replaced by o.

Assume a weapon density w causes a fractlion of fatalities
F(w) and that the functional form is'

Flw) = 1 - e K¥ | (2)

The damage at aiLy point 1s
hir,w) = V(r) * Flw) . (3)

Through the introduction of a Lagrange Multiplier A, one can

vor a discussion of the relation of a weapon density to a discrete set of
targeted weapons, and how to determine values of the constant k, see

Schmidt, op. ett.

ot bbb el




see that for an allocation that maximizeﬁ total return_
H = /h(r,w)dA (W)
as a function of total weapon usage
W= [u(r)dA ' - (5)
we have ‘

dh(r,w)/3w = A ,

E whenever w > 0. -Since
. an(r,w)/du = Vke ™,
f? 5 we have
7 e"'km = k/kV . ) | ( 6)
or |
: o, kV/x < 1
%ﬁ w = {
2 1/k 1n(kV/X), kV/x 21, (7 ;
and 5
‘ F=1-\kV (8) )
i ; when w # 0. At this polnt it 1is convenient to define
2
g Y = 2ma“A/kVy . (9)
] Yy is proportlional to the Lagrange Multiplier A. Now we can }
: write ]
| , 0, exp(-r/20%) < y
. b
| w = ]
‘ 2 2 2 2 £
| 1/k 1n(1/y)exp(-r</20%) , exp(-r°/2a”) 2 v , (10) J
and :

F=1l-«-y exp(r2/2u2) . (11)

g
T
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The weapon usage W is now found from

r
c
W -'/r 1/k 1In(1l/y exp(-r2/2u2)) 2nr dr ,
0

where rc solves

'exp(—rg/zaz) -y . - (12)
This 1s readily found to be

W= 2n/k [1In(1/Yy) - rg/é - rg/8a2] ’

W= 2v/k [In(1/y) - rg/“] s

W= (u/k)u2 1n2(l/Y) R (13)

using the definition of r, twice. A normalized weapon usage 1s
introduced by

X = kW/ma® , (14)
from which
2
X = 1n"(1/v)

and
Yy = exp(- VX ) . - (15)

A critical point in achieving a final expression for survivors
directly in X, rather than two expressions in the parameter vy,
is solving for ¥y in terms of X.

The total fatalltlies are found from

r
¢
H .-/. (2 -y exp(r2/2a2)) V0/2na2 exp(-r2/2a?) 2nr dr .
0

T T T - =

RO S DL = S S sz
S N E e ol g2 o
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Tnis is readily integrated to
H= Vo (1 - exp(-r§/2q2)) - yVo r§/2u2 .

The fatallitles are expressed as a fraction and the definition
of r. is used to glve

H/V0 ]l -y =Y In(l/y)
H/Vg = 1 = v(1 + In(1/Y)) . (16)

Now using the expression for y found from integrating
the weapon usage,

H/Vy = 1 - exp(- T )1 + /X)) . (17)

If S is the fraction of survivors, then

S = exp(- VX ) + /X ) . (18)

8. SURVIVORS FROM POPULATION IN A UNIFORM DISK TARGETED
AS A GAUSSIAN POPULATION

TARGETED
/ ~ ASSESSED
- ~ /
R
==’ \“m-..

[R1% X

Assuime a populacion VO, for which damage 1s to be
assessed, is uniformly distributed in a disk of radius R with
population density :

e SN PR Rt ol

Lt T i
P L R T e MRS S RO St S
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VO/nRz. r <R,
V(r) = ' ,
0, r>R. (19)
The targetirg 18 assumed to be against 2 Gaussian dlstri-

buted ponulation given by
V = Vp/2ng? exp(-r?/28%) - (20)

T T S IR T T T T st ST

with a damage function as defined in the square root law deriva-
tion.

To relate the assessed population to the tarseting, crll

?
- | v = R%/28° . | (21)
‘ ' ' Since the targeting 1s identilcal to the previoualsection, then

X s 1n°(1/Y),

: using the derivation of the previous section with o replaced ty
; 8. ;
f , ]
b To compute damage, two cases must be coraidered, namely ;
o | Case I: r, < R , é
Case II: r >R [
1
where r_, as before, 18 the limiting radius for w > 0. For Case -
I, using Equation (11) a
£ : 4
. r. f
[ . 2, 2 ,5q2 , 1
H = Vg/mR® +« (1 « v exp(r~/28%)) 27r dr , 3
% 0 i
| g
! thus : i‘
{' H/V, = 2/R® [r§/2 - Bavéexp(ég/zsz) -1)] . f
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- Mow using the definition of r,

H/V, = 282/R% [In(1/v) - ¥/y + ¥] = 1/¢ [InQ/Y)+ vy - 1.
In terms of 'x, uaihg Equation (15)
H/Vy = 1/ [exp(- VX ) + /X - 1] . {22)

For"‘-\paae I

H f vd/"nz - (1 - y exp(r2/28%)) 2nr ar .
0

Thus
HAV, = 2/R% [R%/2 -8% v exp(R®/28%) + 8%y] .
So
H/Vy = 1/¢ (@ - v exp(®) + v], (23)

or
%H/Vo = 1/¢ [¢ + exp(- VX Y(1 - exp(¥))]. (24)

To distiriguish between Case I and Case II, we notlce that
r, = R at the border between the two cases; then, by definition
of r ‘

c
. exp(-R%/282) = y . (25)
from which, usi\ng Equation (15), at a critical X
. o
xc v L ]

Summariziné, the'} fraction fatalities are glven by
? 2
1/¢ [exp( - Vv X ) + /X - 1], X 2@

H/VO = 0
1/¢ [@ + exp(- Vv X )(L - exp(®))], X >¢° . (26)

g
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In teﬁma of survivors,
1+ 14 - 1/e(exp(- VX ) + /X)), X <o
exp(- /X ") (exp(e) - 1}/v, X >e2 | (27)

The fractlon of survivors as a function of X 1s presented
in Figure 1 for various values ofe. The dashed line separates
the two regions where the attack radius 1s less than or greater
than the target radius of thes assessed population. Large val-
ues of ¢ have more survivors at constant X, in part simply
because the attack 1s the same and the target 1s larger.

2
S =

!
g
]

To express survivors in terms of weapon usage normalized
: to the assessed rather than the targeted population, leteo be
3 ‘ the standard deviation of the targeted populatlion about the
targeted population disk's center; i.e.,

,.
el bl ok

Tt

R

(e st

R
2 j‘ 2 _ 2mr dr
r 5 s
0 mR

i e i ¥

SO

o =RNZ . (28)

F\
If ¢ 1s expressed in terms of o, we have ¢ = o‘/sz. To normalize
in terms of the actual target, let

T A et 8 0

e e o e IR ST o e
.
beaniand b ol

Y = kW/mo° , (29) |
then :
Y = X/e .
3 Survivors can be expressed by replacing X in the previous
formula by ¢Y, i.e.,
i 1+ 1/¢ - 1/¢ (exp(- /oY + /oY ), Y < ¥ .
exp(- /#Y )(exp(e - 1))/%, Y > v (30)
9 ]
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Survivors as a functlion of Y are presented in Figure 2.
Since the normalization is by assessed population, the lower
curves occur with more efficient targeting. It 1s interesting
to notice that forv= 8, where the assessed population 1s much
more dispersed than target population, the targeting 1s more
efficient for heavy attacks (Y = 10) than when ¢= 1 with the
two populations matched. This occurs for heavy attacks, since
many weapons are expended outside the assessed population disk
where ¢ = 1. An optimal attack agalnst a disk has a unlform
weapon density. The survivors are readily seen to be (see(35)):

S = e-Y/2 (31)

The curve labeled 'optimal targeting' in Figure 2 exhibits
this formula and is a lower bound for any of the other curves.

C. SURVIVORS FRGM A GAUSSIAN POPULATION TARGETED AS A
URIFORM DISK

ASSESSED\ | TARGETED

r——7—°,
|
|
|
|

S 197
Assume a population, Vo, 18 Gaussian distributed with

standard deviation o
V(r) = V0/2n02 exp(-r2/202) . (32)
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The targeting 1s assumed to be against a disk of radius R with
3 VT/'nR2 r < ﬁ ’
3 V(r) = |
5 3 | 0 r>R. (33)
; Let B be the standard deviation 6? the disk about the center as
3 7 in the.last section, so0
5 | 8 =R/ V2 .
% As before, define v = g2/82 to describe the relative size of
3 the two populations. It 18 clear that the optimum targeting
‘g against a uniform value, 1s a constant weapon density, thus
. W= szw R §
3 then ;
2 F(w) = 1 - exp(-kW/7R®) . ]
? Define X by é
‘ X = kW /8% , (34) ;
!‘ then ‘ |
7 F =1 - exp(~-X/2) . (35)
The damapge H 1s glven by %
R \ é
5 H =J{ (1 - exp(-%X/2)) VG/21ro2 exp(-r2/202) 2nr dr . é

?i This 1s readilly seen to give

H/Vy = (1 - exp(-X/2)) (1 - exp(-R%/20°)) ,

or

H/Vy = [1 - exp(-X/2)] [1 - exp(-1/¢)] . (36)

13
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For survivors
S = exp(-X/2) [1 = exp(~1M] + exp(=1/v) . (37)

To express survivors in te"ms of the assessed ponulation,
we define

Y = kW/ma? . (38)
‘Then
Y = X/ (39)
80
S = exp(~Yw2) [1 - exp(-1/%)] + exp(-1/¢) . (40)

The fraction of survivors in Figure 3 is for weapons noi'=-
malized by targeting and in Figure U4 for weapons normalized by
population; also Figure 4 shows the Square Root Damage Law
which represents the optimal attack. As such, it must be a
lower bound for other attacks. As can be seen for ¢ = 1/2, the
actual survivors are close to this lower bound for almost all Y.

D. SURVIVORS FROM A GAUSSIAN POPULATION TARGETED AS A
GAUSSIAN POPULATION OF A DIFFERENT DISPERSION

/1‘\////,

/7 v\ ASSESSED

TARGETED

mnn

Assume a population, VO, 13 Gaussian distributed with
standard deviatlon o so
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s V(r) = V°/2w02 exp(-r2/202) . (41)
% The targeting is assumed to be againat & Gaussien distributed
: population given by
V(r) = Vg/2n82 exp(-r?/28?) . (42)
: As vefore, let the ratic of the two dispersions be specified
? by ¥ = 02/82. The targeted population requires a weapon usage
% as computed for the Square Root Damage Law, 8o, by Equation (1%),
3 . :
A X = 1n2(lly) .
:E.:l
£ ) Moreover, for I we agaln have
3 | . 1 - v exp(res2s?) , rsr,
F=
| 9, r>r, (43)
3 - where r. solves é
exp(-ri/ZB?‘) =y . (44) ;
* i
E if' The damage H 1s given by ,
¥ H E |
3 : H -Jr (1 -y exp(r2/282)1 V0/2nca exp(-re/aoa) 2nr dr . q
3 0
3
é Integrating gives !
E; H/Vy = [1 - exp(4r§/202)3 ?
- ¥/(1 - @)1 - exp(r2/28%) - exp(-r?/20%)] .
i
Now using é
exp(-r§/202) = (exp(-rg/aea))l/” E

i

Rl o S5 i s




and recalling the definition of r_ A glves

c
H/V = (1= y2%) — v/ - @)1 - 1% 140 . (45)

Now defining X as kW/nBz, and substituting for y using
Equation (15),

H/Vy = 1 - exp(- /X /¥)
-Lexp(- VX )/(1 -#)1[1 - exp(- VX /¥)/exp(- VX )] .
(46)
For survivors,
S = (¢/v-1) exp(- VX /¥) - exp(- /X /(¢-1)) . (47)
To normalize by the actual population, let

Y = kW/ma° . (48)

So
Y = X/e . (49)
Then
S = (e/e-1) exp(-VY/¢ ) ~ 1/(¢-1) exp(~ VY ¥¥¢ ) . (50)

It 1s interesting to notice that 1f e lis repladed by 1l/¢,
the same formula is obtalned. Thils implies that if the target
population 1s either too small by a factor of X or too large
by a factor of X, relative to the actual population, the same
number of survivors 1s obtained. The fraction of survivors is
presented in Figure 5 with weapons normalized for targeting and
in FPigure 6 with weapons rormalized for assessed population.

E. SQUARE ROOT INJURY LAW

Assume a population is Gaussian distributed so that

V(r) = Vy/2mo® exp(-rf/20%) . (51)
Assume the population 1s targeted so that
Fu) = 1 - e K& | (52)
18
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Now consider:anothervev&ﬁuation funetion, -
5 . *kcw.
Fow) =1 -e ©,.

This function will be us*ﬂ ‘for two cases

!

Case I: The ac ftug] vulnerability is’ k and the effect
. of the attatker ugsing an :lmcorrect vulnerability
| + 0 18 of inturest; bW
' Case II: The k, Mrtpresente a casualty rate dhd‘we wish .
to: determine Injuries (casualties minus fatal—_
ities) ' '

In either case, define L e S -
£ =k ko (54)

For fatalities; when F(w) 1s used directly with k, the
square root law derivation is used, leading to
H/Vy = 1 -~ exp(- YX ) + VX ),
where X 1s defined as kW/no?.
Call Hc the vaﬁge obtaiped using kc.

, r
. N c v
. H =J/ﬁ F, (v) V(r) dA . (55)
a 0
As before, tﬁe integration could be directly performed using

-k w €

:Fc =1-e ¢ =1-v°exp(£ r2/202) .

However, the following change of varlables leads to less algebra.

Let

dv = -V dA/2m0° , (56)
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A0
'8
B :
80
é ' ' 2
4 ‘4Vo/2ﬂ0
g H, = 2ng? Jf 'Fc(w) av . ‘ (57)
é | Ak ‘
A From the definition of k,» and substituting for w,
i .
I
Ko ' =k w .
. Fo=1l-=e ° =1 (kN®, (58)
ﬁ
% so
i ; : V0/2n02. '
J H, = 2ns ‘/r r1 - (/kv)é7 av .
[ | [
Y b
S Now let y = kV/XA to give the simple expression 3
. »
* 1/y i 1
s -E P
¥ d /V, = f 1 - °) d 3
Vo = Y ( y °) dy | ﬂ
_':-: 1 i
{
o ! From which i,g
| £ £ . N
! L= - Y- X = € - Y H
i Be/Vo=l-yty—g =ity Zg-17-¢ - (59) F
ﬁ For Case I, we wish values of Hc directly. Recalling §§
3
E . 1
3 Yy = exp(- VX ) , {
4 A
g‘ and calling .
g{ Sc =1 - Hc/VO s (60) i§
éj £ exp(-gvVX ) ?%
! Here the weapon usage is normalized by the original attack. p
Values of Sc are given in Figure 7. Normalizing by the actual 2

vulnerability gives
Y =k W/mod = X (62) .
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Then
S, * E—E-I exp(~- v¥7% ) - E_%_T exp(- /YL ) . (63)

LN

Replacing £ by 1/£ in this formula leaves survivors unaf-

I=-exp(- VX)) T E

N PP EE Y

Injuries are presented in Figure 8 for values of £ greater
than 1. In this Figure, the attacker 1s attempting to maximize
fatalitlies. If the attacker 1s attempting to maximize total
casualties--injuries plus fatallities-~then values?of £ are less
than 1; i.e., the vulnerabllity of the evaluated ﬁopulation is
less than assumed by the attacker. The injurlies in this case

are presented in Figure 9.

P fected, which implies that elther an underestimatlion or an

2 overestimation of vulnerability will give the same result.

§ Moreover, this formula is identical to that for survivors of

é two Gaussian populations of different dispersions in the pre-

% vious section with ¢ replaced by £. The curve of survivors in

b that case, Flgure 6, also applies here,.

5 For Case,II, call injuries the difference betweén fatal- ,
§ ities and casualties, so 3
i ¢ |
: I= HC/V0 - H/VO A ? . (64) ;
3 Then since H/Vy = 1 - vy - ¥ 1n(1/y), we heye, from Equatlon (59), g
b - & i
I = 1——L1 3 + ¥ 1n(1/y)_l (65) ;
i ; H
£ Thus g
.i - vYX _ _ » a
] 1 = 8xp(- ¥X { - exp(-EVX ) . /¥ exp(—vT ) , e
3 i .
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F. SURVIVORS FROM A GAUSSIAN POPULATION TARGETED AS A UNIFORN
POPULATION IN AN ANNULUS

ASSESSED

TARGETED

§
g
s

| |
B }
E" - | | '
£
= (215, 2L
3 ;
3 Assume a population, VO, is Gaussian distributed with
L standard deviation ¢ so 3
E; Vir) = V0/21ro2 exp(-r2/202) . i
- ' 4
§§ The targeting is assumed to be agalnst a uniform ring with 3
E inner radius L and outer radius H. 1n order to normallze the g
3 evaluation in a way comparable to other sltuations, a "center g
E of gravity" and "standard deviation" of the ring is defined »%
4 by %
X H
- m’*l/Af r * 2nr dr , (67) i
Fo , :
. L i
L where A is the ring area = n(H2 - L2), and 1
2 . ’ 2 i
B = 1A {r = m)~ 2mr dr . (68) E
: L
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3H3-L3.
342 o L2

2 1g% .t 2

B-EH—E—-—L!-M . (70)
The expression for B is a measure of dispersion about the
"center strip" of an annulus. Thus, as the inner radius of
the annulus approaches 0, B does not approach the value com-
puted for a disk which is about the center. 1In fact, with

ILL = 0, we have

m = (69)

B = 1/3 Byisk °

ring

There i1s no simple solution for H and L in terms of m and
B, but a simple Newton's method type of procedure will allow
for quickly determining numerical values. Figure 10 shows m
and B as a function of H and L. As the thickness of the ring
becomes small compared to a radius, the ring curvature 1s
insignificant in determining m and B, so that we have approxi-
mately

Hsm+ V3B, B/m << 1 ,
Lam- /38, B/m << 1 .

The departures of the contours of constant m and B in
Figure 10 from stralght lines where L/H 1s small indicate
departures from this approximation.

The ratio of target to actual standard deviation, B/g,
we shall call p, and the ratio of ring center to standard
deviation m/o, we shall call n. At small L, the ¢ used previ-
ously is related to p by » = 1/992 if B 1s substituted for
3B.

The total weapon usage W 1s glven by weapou density times
ring area, or

28
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W= u(H2 - Lz)m .
Call X the weapon usage normalized to the target, or

X = kW/nB? = kw(H® - L2)/B% . (1)

Call Y the weapon usage normalized to the assessed population,
or

Y = kWw/nBe = kw(He - L2)/02 . (72)

The succeeding calculations will be in terms or Y but could
be readily converted to X by changing ¢ to B. The calculations
will be done explicitly in terms of H and L, which are functions
of m and B. As the expresslion for Y shows, these functions can

be considered as normalized by ¢; 1.e., the expressions are in
terms of H/c, L/o, p and n.

The fraction survivors k 1s given by

Y
F =]l - exp(~kw) = 1 - exp(~ —m—s———a—5—) . (73)
32/02 - La/a2
The value destroyed is given by
H
H= Jr F « V dA ; \
4 :
H
- J[. (1 - expl- 5% X 5 2]) V0/21m2 exp(—r2/202)2wr dr .

Integrating, and letting the fraction of survivors, S =
l -~ H/VO, glves

_ 2 2
Y L
S=1-701- exp(— -) ) fexp (- L) - exp (- E1.
(H/62) - (L/0)2 26° 20

(T4)

(A similar formula based on S 1s attalned by substituting X for
Y and B for o.)
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Fraction surviveors are indicated in Figure 11 for the annu-
lus center, m, at a constant value with varying annulus width,
B; and in Flgure 12 for the annulus wldth, B, cor itant and vary-
ing distance of the center m: In these figures a curve for
L = 0 is given which reduces to the disk calculations presented
earlier.

When L/H 18 near 1 and the approximate formulas for H and
L can be useqd, we have

Sm 1 - [1- exp(=¥/(4 VInp))1lexp(~(n - V3p)2/2)
- exp(=(n + VI0)%/2)1 . (75)

G. SURVIVORS FROM A POPULATION IN AN ANNULUS TARGETED AS A
GAUSSIAN POPULATION

TARGETED

ASSESSED

A0, 3}

Assume a population is of constant density in a ring of
inner diameter L and outer diameter H. Let m and ¢ be the
mean ring dlstance and ¢ the standard deviation. The relations
between H and L and m and ¢ are the same a8 in the previous
section, with ¢ replaced by B. The targeting 1s assumed against
& Gaussian target distributed

V = Vp/2n8° exp(-r?/28?) .
As in the square root law derivation, the weapon usage is

31
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X = kW/vg2 = 1n2(1/v) ,
with

v = 2n82askv, .
The fraction damage F is

Fwsula- y‘exp(r2/262) ’

and extends to a distance rc where rc s0lves

Yy = exp(—rf/eaz)‘-

For r, less than L there is no damage_and the fraction

survivors is 1. Otherwlse, for damage

J

H= Jr (1 - v exp(r2/282)] [Vo/n(Hz'— L?)] a2nr ar , (76)
L A

where _ ‘
J = min(r ,H) . (77)
This readily gives

2 2 2
S =1 - H/V0 = ] '{iiuz—%? - 2 exp ngijzz%g— [exp(J2/2ﬁ2)

- exp(L2/282)]}.
If r, > H this simplifies to

. 2 , ,
8 = 2 exp X [exp(n?/28®) - exp(rZ/28H)1 . (78)
H® - L
For rc < H this can be written
232 VX - 1.2 2g°2 2

8
S =1 - + -2exp(- VX ) - B
H® - 12 H® - 1°

. exp(L2/282).

(79)
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In terms of the assessed population, the normalization becomes >‘f
| | Y = kW/1B% = X/y (80) 4
‘ :fwhéfetw”- 52/92.'Thelfragtion of survivors as a function of Y ' %
18 shown in Figure 13 for an annulus of constant ratlo ol outer ’5f
to inner diameter of 2.9. When the targeted population is not f
"dispersed enough, the weapons are concentrated in the hole in if
the annulus.. As the standard deviation of theé targeted popu- o
lation is increased, the tarpeiing becuomes closer to optimal’ J;
targeting until finally the w.apons are too dispersed and th> b
targeting effectiveness drops off. %
H. AN ACTERNATIVE SQUARE ROOT LAN DERIVATION B
'In this derivatibn, thé_geoﬁeﬁric context of the square i%
root law will be emphasized. As before, let - ?é
‘V(r),- V0/2wq2 exp(-r?/Zaz) . 3?
. - .y . ) - :;
Let 3
52 = 232 ,
.80
& = /20 . (81) -
Then ;
V(r) = Vo/wdz exp(-r2/62)'. g
Now call
1r6‘2 = Ap ' | (82) ?
8o Ap 1s the circle which contains 1 - 1/e, or 63 percent of the g
population. ﬁ
&
Let
A= qgr- .,
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Then
V(r) = Vo/Anp exp(-A/AT) . (83)
As before, let
F(u) = 1 - e”k¥ |
The optimal allocatlon ylelds the requirement
KW = A/kv, for A/KV < 1 .
Now 1ét s(w) denote the fraction of survivors, locally, so

s(w) = e K® = y/kv .

Call G = 8V the survivors per unit area. Then

G =V« AMNkV = A/k . (84)

Thus the survivors per unlt area are a constant for the area
attacked.

The attack contlnues to a radius where A/kV = 1, Call the
area enclosed AC. At this radlus the target value equals the

survivors per unlt area. Thus,

V/G =1,
S0
VO/GAT exp(-Ac/AT) =1,
or
In(V,y/GAp) = Ag/Ag - (85)

Define, as before, a dimenslionless weapon usage by

A

c
X = kW/mal = 2/Ag J/' ko dA . (86)
0

Now, silnce
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kw = 1n(V/G) = ln(VO/GAT) - A/AT .

Thus
A

c
X = 2/hy [ (n(Vp/aag) - a/Ap) aA
0

2

2
- 2/AT ln(VO/GAT)AC - 2/AT Ao /2

-2 Ag/Ap (In(Vy/GAq) - 1/2 Ag/Ag) .

Since AC/AT = ln(VO/GAT) N

2
X = (Ac/Ap)° (87)
or alternatively,
X = 1n2(V,./GAm)
0 T °

Divide survivors into the area 1n the circle AC and the
rest of the plane

S, = GA

1 c°*

«w a0
s,= J 1 van=f vy/ag expt-a/ag) an .
A

Ag c

=V, exp(-AC/AT).

Normalizing,

S/Vy = GA/Vy + exp(=Ay/Ag) . (88)

Now S will be computed both in terms of G and AC.
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First, geometrically:
S/V0 n GAT/V0 . AC/AT + exp(-AC/AT) .

Now,

ln(GAT/VO) - “AC/AT ’
so

GAT/Vo - exp(-AC/AT) s

S/Vy = exp(-Ac/Aqp) Ag/Ag exp(-A./Ap) ,
= exp(~Ac/Aq) (Ao/Aqg 1) . (89)
And since
Ao/Agp = VX,

S/Vo = exp(=vY YWVX + 1)

Now 1n terms of survivors

s . %% infVo |+ SAp
VO VO GAT Vo
TWAR (1n(V0/GAT) + 1)‘. | (30)
Now
GAp/V, = exp(-¥X ) ,
so S/Vy = exp(~-vX )(VT + 1) .

I. A GENE[L~_IZATION OF THE SQUARE ROOT DAMAGE LAW

Suppose value, as a function of area covered, is an arbi-
trary decreasing function. Then the use of weapcn density can
Still be used for a more general form of the square root law.
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]
Let
: v
via) = 2 ff A (91)
Ap  \Ap
be the value per unit area where value density is a decreasing
function of area; 1.e.,
i
i arlx) <o . (92)
b Let
i
S X
E g(x) -[ f(t)ac . (93) 1
0
Now
i v
- O ofA
b VO = f V(A)dA -[ A'I‘ f(AT)dA ¥
i ° P
]
- - ]
= Vof f(A)dA .
0
A
Thus we require
Moreover, to normalize distance in a fashlion comparable to the 3
‘ Gaussian case, set j
j g(1) = 1 -1 ~0.63. (95)
E The damage, as a function of weapon density, is still 2
F(w) =1 ~ e/,
The optimization of an attack ylelds
\ ¢
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Call 8 the local fraction of survivors and G the local number
of survivors per unit area. Then

G = Vs = V(1-f) = Ve'K¥ = v3y = % .
Thus G 1s a constant in the area attacked. The attack is made
out to a radlius where

w[|>
3

or
V=2ag.,

Call AC the area attacked. Then

A GA
c T . (96)
£ T ) 0 i

The weapon usage W 1s given by

Ag
W= wdA . *
0 E

Let X be the normalized weapon usage, as before, so

Ac
X = 2kW 2 kwdA . (97)
0
Now
e~kuw %_ , |
so
V.
v o .ra))
kw = ln(—) = 1in| s~ f(—) .
G GAT AT /
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Then

A ..
= 2}‘% IVGQT‘)‘ 2/ T In(f(x))dx . (98)

0
Now define

X
h(x) = [0 1n (f£(t))at . (99)

Then

A v A
c 0 c
X = 2-%1n + 2n . 100
A (GKT) (K'r) (100)

The total survivors is the sum Sl of the survivors in the area
attacked and 82 in the unattacked area with

S1 = AgG

e nfelt)
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The fraction of survivors is then

A, GA A :
S . .C T, 1 ( C)
- s ) (101)
TR =
2 !
[ J. AN APPLICATION OF THE GENERALIZED DAMAGE LAW TO VALUE ;
1 A LINEAR FUNCTION OF AREA ;
¥ t
A Let value be a llnear function of area, say of the form i
i
5 2 A 7
' VoK;(l-K;), A < Ag i
; vea = (102) !
b 3
: 0 A > AL . :
2 ] F §
. For a circularly symmetric value function, value would %
;§ decrease quadratically with distance. After normalizing with é
5% the area A,, we have §
:Li T 3
\'s
Y0 L ~ A A .1
T T T 4
V= (103) 3
S A 1
E 0 > E‘/ IE > g » »
E where & = 1 -/1/e = 0.39346934. (104) 4
k. ¥
: 28x - 8%%° R X < % ‘
; e
g(x) = ’ 1
‘ 1 ’ X > g 3
;% and it is readily seen that g(l) = 1 - %, as desired for
;; normalization. Moreover, in terms of the original triangle,
[
|
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For h(x) we have

h(x) = (x --é)log(zé - Zéax) -Xx + % log(2€) . (105)
a Now suppose & velue of G (survivors/unit area) is given.
: Then with Ac defined as the area under attack, call x, = AC/AT.
g Then
?; X = l - GAT 1
| ¢ &7 TV 58l
a Now from
b Vo
a we have i
| 12T 4 20008 28 - 1) (206) :
2 Vv, tglies 2 - 1), 1
¥ € 3
. and from ;
S T
v— (V0)+1-g(x)’
we have
~ 2
S .l _V_GAT _21 (?ﬁ) (107)
VE ¢ Y yae\ Vv
Numerically, this gives :
i Oy
X = 5.0829881 ln{zx+ GAT + 6.4591921 T 6.3008972
GA GAq 2’ L
s/v, = 2.5814980{ <L} 1.6147980( %) . 3 . S
0 VO VO .
In this case no expllicit function -—(x) is presented o
) GA .
Solutions must be obtalned in terms of the parameter —VE' :
The valid range of area attacked X4 is 0
02 X = % ’ :
i
4
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which gives

| OAq

The survivors, as a function of attack intensity, 1is pre-
sented in Figure l4. The square root law, with Gaussian tar-
gets, 1is 1lncluded for compariscn., As can be Bseen, practically
no difference occurs between the two curves until the survi-
vors are under 50 percent. Then the larger amounts of area at
low value density in the Gaussian targets begin to signifi-
cantly affect the attack effectiveness. In Figure 15, the
survivors, attack size, and several other parameters are pre-
sented as a function of the area attacked. As 1s clear 1in the
Filgure, not until almost all the area is attacked does the
weapons usage become relatively large.

K. AN APPLICATION OF THE GENERALIZED DAMAGE LAW TO
VALUE AN EXPONENTIAL FUNCTION OF AREA TO A POWER
Let the value as a function of area be given by
V(A) = VOE exp{-(8A)"} , 0 ¢<n<ow, (108)

The area A is wrz, so thls can be written

- PIRE
V(A) = V,a exp ~{Bnr-}

For n = 1 the standard Gaussian shaped curve is obtalned.
For n = % an exponential decay is obtained. o and B are
parameters whose values will be determined by normallzing the
value function. The damage will be calculated using the second
alternative derivation. To normalize, call

f(x) = o exp(-{BA}n) s (109)
and
X
g(x) = f f(t) at . (110)
0
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Now for normalization we need

g(e) = 1.

From the 1ntegral .

00 . _ .
[ X e (rx) dx = I]'i+l r(n :l; 1) > [n"'l, r, m > 0] ’
I, - |

we have | ' L V;él""ﬁv“ .
s = gmr(® .

ﬁ.- from which vyuU
\

- (112)

and N :‘ . :t;-V |
g(x) = 3? j’ exp (-(8t)") dt .= Flijf A exp( J13 ay L (113)

For normalization we wish

g(1) =1- % =0, 532120 59 .

Ce R T T e e

Thus B can be obtained numerjoallv ar a, function of e “;,1 L 1
An approximate equation for B 1e o Co o

10(~0.225 + 1. 32(log,oﬂ - 1°F10“) 5) | .;p <'u, o o]
B = . * (-

0.57 + 0.03610310N¥; .f' o nox b

. R v ¢ i ’ o
calling a = ;%%5 » an_approximate equaticn for'a is . " (115) B
5 A Lo . A T

[

0.8+ 5.8log;n , . m<0.6

1/a = 3 - . S s
0.4i453(1 - m-1.09) , . m> 0.6 ' |
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Then e ' e
£x) = o exp(-(Bx)") ,

W.ere now a and 8 can be. expressed as functions of n, Now for
| valwe we can - also write SR : :

V(A) = ig o\éxp'-'(sA )n oo ooy mn e A
e Bl T UL

0. l‘-!. t

and precerve normalization. Here AT is the area within which
1 -.l of the population resides. Thenqx-? A/AT bacomes area.
expressed 1n uni;s of - A N a ' o

Now let a number of SUrvivnrs per unit area; G be given. ‘We ,

¢ Wish to find\an X, (= AC/AT) 80 that

BRI GAp, . | DU
: (K ) s . =X . oL SR £118) -
'.- ) <0 . , ,‘ . R

t

Thus X, soIVes; "-,n,i,.gh S . o R
, C '0. exp(-(«'sxc)"),.;x o “4 : | (119)

| - Since x, Z?Q, tpeo a'bondition onwf ié | |

. IA | , .. . _‘ . x < a '

' The function h/x) is deflned as '’

x I - g
h(x) SVJL 1p(fft)) av . (120) I

R

== i
S e

Here

T

LT

X - .
hix) = .{' In(a exp(-(8t)") )dt
. 0 '

‘ n+l ‘ ' f
= x In(a)- PXor . | (121)- 4

_“9
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In particular,

St exn+1 X , o .
hix,) = x, 1n(c~)- AFT | (122)
‘Now _ ) - '
X ’:2X§‘1n(i/xyﬂ+ 2h(xb)~;.>  A- L (12%)
Finally, for survivors,”‘f?Q?ﬁf’ff,fjﬂ' \‘ﬁ. L | o "
Lolls = x, x $1 - é(x ) S aeny

; " The following table ccmpare* exact values of B and a! with
values from. tnelpitted wurves., . o

e

SR R r(g) . =} |
n Roxact , Brye - r(":i), “f:‘_: l AL Tn] “axact | it
0.128 | 27, 190 000  [197,840 5,000 . "1 0.00)4878 | -6 51044 | 672.1230 | 84.60
0.28 367.473 . B T/ SR IR "l o.05714 1-2.701 | 14.89 | 14.76
0.5 ' 4.6224 5.0 |. .| 0.43268 | -0.82777 | 2.3112| 2.s8
0.75 1.55201 T 1.6 . 0.8%298|.9.7672 2.6506 . 1.3038 | 1.v8" |
1.0 1.00231 0.996 | 1.00 0:9977 -0.0623 1.00623 | 1.00
1.8 0.716634 | - 0.694. 1.3540 [ 1.2586 | o0.23079| 0.7939 | o.8529
2.0 ' 0.63778 T oe.623 1.7524 | 1.3m98 | 03289 0.7197 | 0.7897
4.0 0.58720 ; - 0.6% 3.6256 | 1.5436 | 0.434 0.6478 { 0.7068
8.0 0,597153 [ .. 0.602| " 7.8534 | i.8M) 0.4556 | 0.034) | 0.670s
34.0 10.6224V | 0.6 63.44 Y5799 1 0.4574 0.6329 | 0.6437

" Figures 76 and 17 uresent values as a function of distance

for a > 1 zad n ¢ 1; that is, the ﬁurves present f(x) as a fune- %
tion of /X. The fhtegral of the value &x) is presented in 'E
Figure 18 as a faactiOn of distance /X for ‘the extreme values :ﬁ
of n considered. In: Flbure 19 the fraction survivors as a j

‘The Nexact" values of .# and a are ﬂnmnd through solvﬂng the equation

P L
QU I R

TLEN SR d e bk SR

. -d':.l 5 Y
g(1) = 1 -g-fo“exz:(--y ) dy .

This was accamplished numerically by evaluating the integrzl bty Simpson's
rule using 1,000 steps fur différing vulues of B until the desired value was
obtained, Since at n=l, £ zivuld be 1 exaztly, the quoted valve glves an
ind4cetion of the error' ln this rmmerical prccedure.
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function of normalized weapon usage is presented. For n = 1,

? the curve is the usual square root damage law. For n = 64,

' the value 1s almost uniform and then rapidly drops so the dam-
age 1is close to that of a uniform disk optimally targeted; 1i.e.,
the fraction survivors 1s an exponentlal function of weapon
usage. For n = 1/2, the value 1s an exponential function of
distance. For values of n less than 1/4, no curves are pre=-
sented since the decay of value with distance 1s extremely
rapid and numerical integration using Simpson's rule over inter-
vals (the algorithm implemented here for numerical evaluations)
-becomes tedious.

gé L. FACTORS INFLUENCING THE PROBABILITY OF KILL AS A FUNCTION
L OF WEAPON DENSITY

In thils sectlion some rational for the use of a weapon den-
sity is presented. Thils 1s done first by studying the survival
probabilities when a larger number of weapons arrive at random
in a large area. Next the probabllity of survival from weapons

AN TE T

delivered in regular patterns in an area are considered. This
is done analytically for weapons where the probability of kill
for the weapon is one inside a weapon radius and zero outsilde,
L and numerically for several typical types of assumed weapon

- kill probabillities as a functlon of distance.

T - S

Suppose weapons are delivered in an infinite plane sc that
any point in the plane 1s as likely to receive a weapon as any
other. Then in any specified area the number of weapons dellv-
ered 1s a Polsson process with the distribution of number of
weapons glven by

P(n) = ™A i%%lp (125)

where A is the size of the area. Since the expected number of
weapons in a unit area is w, we will call w the weapon density.
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Consider any monitor polint in the plane and let this moni-
tor point be surrounded by a set of N nonoverlapping but touch-
ing annuli, where the Jth annulua is centered a distance rJ
from the monitor point and has a thickness er.

The area of the Jth annulus 1s given by

_ AJ - w(2rJerl+ drda)

The probabllity of n weapons arriving in this annulus is

-wh, (wh >

——

The overall probabllity of kill of the monitor point from
weapons 1in the Jth annulus is the 3um of probabilities of kill

P(n) = e

gf for one weapon arriving, two weapons arriving, etc., or %
n }
> -mAJ ) (oa e-NAJ) ]

The rings form a mutually exclusive set of areas covering 3

the plane, except for a distant filnal outer section surrounding ﬁ
the rings. Then the probability of survival of the monitor

point is given by the product of the probabilities of surviving

the weapon arrival in each ring. & a

|

Now let N become indefinitely large so, (1) for all j for /

J=1,2,...N, 1lim AJ = 0 and (2) 1lim ry = = It 1s clear that
N+= H+e
this can be done with a countable set of rings; for example,

let rJ = J/N3/u J = 1,2,...N. Then the area of each ring is é

2 1 2 1
Ay " w(n 7 ! N§72) ) ﬂ(;i72 ¥ N372)
0

and 1lim AJ = 0,

N+
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Then

N [ -NAJ 2
i S=1um o1 |1-Plr JuA,e + O(AJ )
i J=1
a nl ar, + 0(d 2)]
) - éiﬂ n & - Pk(rJ)mZMJ ry ry .
3 Now taking logarithms of both sides, :
3
: N a 2) E
é in S = 1n ﬁiﬂ n [1 - Pk(rJ)mzerer + 0( ry ;
1. J=1
al (1 - P, (r,)uw2mr,dr, + 0(dr %)) ;
| ol Dl S R R ] |
3 J=1 :
rk §
%: Now :
2 . w2 %3
s in(l-x)--(x+-§-+-3-+...) x| <1 .
. ‘

| Thus, ¥

N .
ln S = linm -P, (r,)w2nr,dr, + 0(dr
N J)_:__'_ k') 3773 J

Now, assuming the Pk(rj) are such that the sum converges,
which 1s££ertainly true for all practical damage functions,

2)

ol
ottt it S G 1 A5 et A

‘ ’
: = -P » E
r: | ln S [ 'k(r,j Jwamrdry :
r 0
| ®
. - —mf P(A) dA . (126)
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Nowf Pk(A) dA 18 often equated to "WR™ where WR is
0

called the weapon radius. The circular area is the area of a
cookle cutter damage function which does the same damage.
Thus, finally,

2 .
S e e-um(WR) (127)

and 2
Pal . e wn(WR)"

This 1s the form of the damage function of Equation 2 which

underlies the*square root law formulation.

A suggestion by John Donelson' gives the same result in a
much shorter fashlion and in a way which makes the answer
intuitively clear. The expedted fraction of the plane covered
by lethal effects is wﬂ(WR)a. A small change in thils fraction,
i.e., Amn(WR)2 gives a proportional fraction change in the

survivors. So
- 8% = aurur)? (128)
or
-0in S = Awﬂ(WR)2 s
SO
s = e-ut(WR)Z

The random pattern of Poisson arrivals just discussed
might be appropriate for an attack against certain types of
valuable targets in an area where population happens to be cal-
2ulated, and where the location of the populatlon 1s not sig-
nificantly influenced by the location of the other valuable

targets. On the other hand, i1f an attacker were interested in

lFormerly with Institute for Defense Analyses, currently associlated with
Seience Applicatlions, Incorporated.
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attacking an entl:'e urban area, then he might place his weapons
in a regular pattern. Auy target in the urban area is some-
where wlthin the pattern, but unless some reason 1s given to
fix the location of the weapon patiern, the target may be any-

where within it.

Suppose weapons are placed at the intersections of a square
grid with mesh length &. Then the weapon density w is simply
W = 1/22. If the probability of kill is 1 inside some weapon
radius WR, and 0 outside, then the expected kill is simply
determined by the fraction of the plane covered by weapon circles,
Call p = WI./&/2 the fraction coverage, and expected kill is

readily seen to be

T, 0<p<l
2
F = sz-l + 35(% - 2cos‘l(%ﬂ) R 1<p< V2
1, 2 < p . (129)

The fatalitles can be given as a function of the fractlon
coverage of the plane, C, to be consistent with the previous

section. Then
C = ﬂ(WR)Zm = %02 . (130)

If the weapons are dropped in a more closely packed pattern

of equilateral triangles of side length &, then w = 2//32
Again, calling p = WR/%/2 for fraction fatallties,

%ﬁz s 0 <p <1l
2
Pa{Volo1 + & (T - 2cos” () , 1<p< -2
2\3 P - 3
2
1 p < —
3 _./? .
The coverage 1s given by C = —E—pz.
23
59
- R S T ——

.

pl B U U A LRSS T R7. LR S T .
SRS ke 2l A N B RO i i ﬂ«.&&;g@; \‘ " ;:ﬁana &‘ PR EAES BN, TON i




i ~ = ¥Ivily 40 mMa»h u<zu>um 304
uw<mu>ou zouhu<mu uo zoﬁh)zmu < ) | mmu>m>z:m 40 107d ¥VINIT

- RuZ...hOx(._. _.Umu&m& mZ(#. 40 19V¥IAOD NOILOVIS

| ok 2 S 20 DR A1 N (| 80 9°0 o

*0Z d4nbry4

0 0

s PR L

4

= T —r— T T T T ™ T

> ® o o -

A

: ._||I| < : r

¥o

9°0

— N¥3Livd 149 TIONVRL TVHILVUNDT <-emrrmee — RN
S z%ts_&«::ugaqlil N i _ N

ioe o =0 ISd 2l LS4 BV —
- =0 IS4 0L 1S¥NE IDVRINS I,.,..l

A
SYOAIANNS NOILDVEd

8'0

§0=0, IS4- eL-SUNR IDVRING -eorsmr T
i g0=00 ISdTL ISUNR AV e - .

| DRI ST

60
i Al

e

WL 5

Al

it i

e




R (P SX. P

TR agmren s T gy
Wt e

L.
£
F
E
3
£

P TR I P

PO LA, B il

1.0

> Ty S \‘w:vf\;wt—:(vév ookt 4D AT i
s
- ]
t .
. -
! t
L
gy
- e —ﬁ"‘ - —
‘\\\‘ )
o . -t e -
-~y .
~ L PANDOM
% Sy, )
Vi , A 2
' *,
. o.“.
b1 e b/

¢

‘ommamms AIR ;BURST 12 PSI 0= 0.5 \,
seusssnsocsen SU”ACE szT ‘o PS' o= 0.5 *
© ey am o am SURFACE BURST 10 251 0= 0.2 \

N A
e emem = AIR BURST 12 PSI g= 1 N\ \\

0.1

1 oy

FRACTION SURVIVORS

|,

EQUILATERAL TRIANGLE —|
BURST PATTERN

0.01

11.10-8

Figure 21.

SQUARE BURST PATTERN —T"

LINEAR —]

0.2 0.4 0.6 0.8 1.0 1.2 1.4
FRACTION COVERAGE OF PLANE (PERFECT TARGETING)

SEMI-LORARITHMIC PLOT OF SURVIVORS AS A FUNCTION
OF FRACTION COVERAGE FOR SEVERAL ATTACK TYPES
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The fraotion survivors dﬁx&?function at onerage is. pre-
sented 'as, a linear plom in Figurﬁ 20" apd as: a semi-logariﬁhmid
plot in Wigure 2i.. “Also presented are- ‘survivors for the random o
delivery, considered earlier., hé ‘bottom . strai ht 1ine’ 1n ; 'ﬁ
Figure 20 nepresents the 3urv1vurs AL weapon e recta could be . }f“
pertrectly plaqed,'e g., square leﬁhal errecba a“eas covering o
the plane for weapons plaged inthe center ‘ot each square.fdﬂsl
- can- be aeen; Lh»re 13 no ovprlap for'the equilateral triangle

B pﬂttern ‘until 0 9 of tné plane is covaréd by wbapona effeebs.

'Even then. there 13 ?ess than- foud,percent differénce between
Lhis coverage and tbe no overlap variation.!A o

3f the fracticn damage &S a runction of distance is a
igradual)y decreusing function of the’ distanue, then effects of
~over1ap mast be conqidered Figures 20and 21 unbm ca&gulatipns
for four cases of Fizure 22 wWilth weapons tAPQet4d/ﬂn squares. d
In. Figures 10 and 20 1t can be seen that thehe laSes range from
tthe equ;valent of almcst perfect plauement to almost random

\..

: placement.- L N o I L

Some typicul fractlon damage as 4 function of ‘distance
example3 are shown in Figure 22. They represent 'a range from
very steep cutoffs in weapon lethality tohquite gradual ones.
The labels glve an indication of the type of qeapons target com-
binations considered. 1In obtainlng these curves fraction kill
as a fundtion of distance is obtained by combining a function of
fraction damage as a func¢tion of overpressure with a function
of overpressure as a function of distance. The fraction of
damage as a function of overpressure is éssumed to bhe a cumu-
lative log ncrmal curve and the value ¢ in Flgure 22 is the
ratio of the standard deviation of the cumulative log normal

curve to the mean lethal overpressure.




TN SO S T e o g g <

SNOILONAG 7714 TVH3IA3IS

| . mo“_ FINVISIQ Q3IZITYWYON 40 NOILONAS ¥V SY T7IX 30 ALIT19vE0¥d “22 @4nbyiy

LA R &

[ YA

[T
¥ 5

m:.as_. NOdVYIM/IDONVISIA
i . Al 0l 8°0 90 ¥°o 20 0
v  — 3 T ) 13 [ K
3 {

-
-
~
o

o7

1
SR

L
Flle:

o
M,

0

a,

g
CRPHTRS

%
2

/ / | o
N o1 =0 154 21

19n9 AV -

B S - . .. - 50 =0 Isd 00 NS |
‘ o . 1 /52 TOVRNS : dso
_ T G0=2 154 Z1 i

: : - - T | z0=0 isdot 153NNV ]

K N T . 1S¥N8 IDVAINS

et

R

v SN o e el e e ikl it st 2,

sl

t
%

fr

f
t
Y

i
AR i

T T S F
SRR SR ot S A LS 4t

o %Baﬂm_ﬁwac i



i
el
LN
.

Fi
i

L
y—.
b
-

PRSI N ieree N

e ——

:

i

E‘(
i
-y

; _"‘D‘-'f'ense Civil. Prepared*xess Agency .
. Rekesrch
©ATIN:. AdministratiVe Off'icéx' ‘

']'Chief of Na.ral Research
' Washingtor, D.C:

. Washlngton, D C.

N
AN
.

I .

Washingbon, D. C 20301 nt

20360

Department of -the Navy
Washington, D.C.. 20376

||‘.

.“/-ccmnander, Naval ."upply Systems '_ (,'_Li}}_
Command (0421G) - I R |
Vo us) Janet An:lres

Cormander ' B ;"(vlv)

" Naval Fgeillities Englneering Comm.nd
Research and Development (Code. 0322(‘,“

Departnent of the. Navy
20390

Def“ensm. Docmantatlm c.nter o (12)

' Camercn Station -

.. Alexardria, 'v’ir'tzinia 2"314

C.cvil Defense Research Project (1)
Gak Ridge Natiomnal Lahoratory

KITN: Ldbrarian

P.O. Box X

~ Omk Ridge, 'I'ennessee 378 _,0 |
“Chief, Crvmand and Control Teﬂmical ( 1)

Center {Code B210)
The Femtagon
Washington, D.C. 20310
Nationai Academy of Sciemef_ - (1}
Nationa® Research Council
2101 Corstitution Avenue
Washington, C.C. 20418

: ?"".'?'IS'r"I'!-I!BUT'I oini“"'L'I»s_T: R

S
A
i )

(35) 'I'he Dikewood Cp:'poratzion

1609° Bradbury Drive, S.E.

-.University Reséarch Park

- 'Ab&s"fan" Secrefary of che Anny (R&D) (1)
© CATTH: Assistant for Reseawsn . ' .
.. " Washington; b €. 20301

Dr. Oran R. Young

) "?gAlbequerque, New Mexico 87 406

UR3 Résearch Compar:y

. 155 Bovet: Road " |
. san Mateo, California 9141;0?‘_4

[

-‘f,‘-’,Dr, Benson D. .bdams S
.. OSD(AE) ' : L
" Room . 3C~128 'I'he Pentagcr

";Wabnington, D C. 203.)1

o
!

SRI Irrbérnational

© 1611 North Kent Street -

Arling‘con, Virsginia 22209
R

Dr.: John Billl' :Lmer .

Systan, Inc.

343 Second Stmt

Post Office Box U-

Los Altos, Califomiéi, ‘94022
- M. Bdward York

Eoeing Aeiospace Corpors ionE
Post Office Box 3999 .
Seattle, Washington 981214

Depertment of Govermment &
Politics :
University of mrylard

College Parx, Mwyland . éo7u2

CAPT Johre Zayridy. -

Defense Nuclear \gemy
Washingtoa, D. c. 20705

W

Ay

2 o e T e

LT T L et e e Lok S e s et
JERES DWTNES PPN LRSS TN PR i

w e e

o e




I o "
PR A SR S AR . N LA S
. o . s . A i

. '
o

Dr. Roger Sullivan”
System Planning Ccrporation

. | 1500 Wi¥soén Boulevard

‘ '-Ar'lington, Virginid - 22209

Dr' Fﬁmm Teller - Lo
.-Lawrenc e=Livermore I.aborato“y
' Post Cffice Box 308,

v 'Livermore, (‘aliforrﬂa 911550 ,

Mr. Carl’con Thorne:

Arms Control and Disarmament Agency

' Departmeric. of ' State Buliding |
Washington, D c. 20451 g

* . Dr. James P. Wsde, Jr.

Assistant for Analys.’ps

.. OGSDRE - -
" Ronm 3C-125,, The Pentagor:
Washington, D.C.© 20301

© Dr. Zugene Wigner -
'8 Ober Foad
~ Princeton University ‘
* Princetcn, New Jersey 08540

Dr. Thomas W. Wolfe
The RAND Corporation
2100 M Street, N.W.
Washington, L.C. 20037

RADM Joseph Russel, USN (Ret.)
‘Boeing Aerospace Corporat:lon
Post Office Box 3999

Seattle, Washington 98124

Ir. Leon Sloss ,
Director, Nuclear Targeting
OASD/ISA

Room 3D-777, The Pentagon
Washington, D.C. 20301

Dr. Louils V. Spencer
Radlation Theory Section
National Bureau of Standards
Room C-313, Building 246
Washington, D.C. 20235

Mr. Walmer Strope
3410 Mansfield Road
Falls Church, Virginia 22041

(2).

COL William E. Odum

. National Security Council

. West Wing, White House

- Vashington, D.C. 20500
(1)

Dr, Wolfgang Panofsky
Stanford Linear Accelerator

. Center

_ Post Office Box 4349

(1)

1)

(1)

(1)

(1)

(1)

(1)

(1)

Stanford, California 94305

Mr. Ren F. Read
225 Mohawk Drive
Boulder, Colorado 80303

Mr. Joel Resnick :
Intelligence Community Staff
C-PAD Division

BW-09, Commnity HQ Building
Washington, Virginia 20505

Mr. Wayne Lumsden

C3/12, CCTC/DCA

Room BE685, The Pentagon
Washington, D.C. 20301

Dr. Donald Marshall,
Consultant

¢/o0 0SD OATSD (AE)

Room 3D-1065, The Pentagon

Washington, D.C. 20301

Mr. Ralph Mason
C3/12, CCTC/DCA
Room BE685, The Pentagon
Washington, D.C. 20301

Dr. Roger Molarder

National Security Council

Room 476, 0ld Executive Office
Bullding

Washington, D.C. 20506

LTC Michael Murray

AFIS/INC, Building 520
Bolling Air Force Base
Washington, D.C. 20332

(1)

(1)

(L)

(1)

(1)

(1)

(1)

(1)

(1)

St L 2

bt a1t ki e

bkl iz Ay Do v s



LT F

i

v

VR APTHTT

i

el 14

eSS B i o o7 ORI i UG O .. LA 1

TP

P kol sl IR IR T

L

B AL S St Wt ey .

e o0

Mr. Gordon Negus

Defense Intelligence Agency
Department of Defense
Washington, D.C.

Mr. Eugene Kopf
Defense Advanced Research Projects

Agency
1400 wWilson Boulevard
Arlington, Virginia 22209

ITC Ronald L. Kronz

Joint Chiefs of Staff (SAGA)
Room 1D-942, Tne Pentagon
Washington, D.C. 20301

Me. Dalimil Kybal

Federal Preparedness Agency
18th and F Streets, N.W.
Washington, D0.C. 20405

Mr. Vernard Lanphier

Office of Strategic Research
Central Intelllgence Agency
Washington, D.C., 20502

Mr. Richard Laurino

Center for Plamning & Research, Inc.
750 Welch Road

Palo Alto, California G4304

COL David A. Lerps

Joint Chlefs of Staff
Room 1E-965, The Pentagon
Washington, D.C. 203C1

Dr. Alfred Lieberman

Arms Control ard Dlsarmament Agency
Department of State Building
Washington, D.C. 20451

Mr. Robert W. Hubenette

Center for Planning & Research, Inc.
750 Welch Road

Palo Alto, California 9304

Mr. T. K. Jones

Boelng Aerospace Corporation
Post Office Box 3999
Seattle, Washington, 98124

(1)

(L)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

B e I
v

I e RPN PSSV L T

Mr. Crecson H. Kearny (1)
Oak Ridge National Laburatory
Post Office Box 195

Osk Ridge, Tennessee 37830

Dr. Richard Garwin : (1)
IBM Fellow ’
Post Office Box 218
Yorktown Heights, New York 10598

LTGEN Ardrew J. Goodpaster, (1)
Superinterdent

United States Military Academy

West Point, New York 10996

Mrs. Maria Gore (1)
Central Intelligence Agency
Washington, D.C. 20505

Dr, Leon Goure (1)
AMvanced International

Studies, Inc.
4330 East-West Highway
Bethesda, Marylard 20014

Dr. Carsten M. Haalard (1)
Oak Rldge Natlonal Laboratory
Post Office Box X

Osk Ridge, Tennessee 37830

Dr. Peter H. Haas (1)
Defense Nuclear Agency
Washington, D.C. 20305

MAJ John Hampton (1)
Central Intelligence Agency
OSR/SE/F, Room 2G22

Washington, D.C. 20505

Dr. John A. Elsele (1)
OASD (PA&E)

Room 2E-286, The Pentagon
Washington, D.C. 20301

Dr. John Eley (1)
Federal Preparedness Agency

EGC Room 4229

18th amd F Streets, N.W.
Washington, D.C. 20405

o ————

T T I T R N T T O T

gk EE‘-’" s

TR bl

o

T T O g
B TR SR LT X S 0 S R TR e, =3 58




Dr. Fritz Ermarth

.. The RAND Corporation

1700 Main Street
Santa Monica, California 90405

Ir. Robert Gallano

Decision Science ard| Analysis
1500 Wilson Boulevard

Suite 800

Arlington, Virginia 22205

Dr. Sidney D. Drell

Stanford Linear Accelerator Center -

Post Office Box 4349
Stanford, California 94305

Dr. Ellery B. Block
Seience Applications, . Inc.
2109 West Clention Averue
Suite 800 ,
Huntsville, Alabama 35805

Dr. Donald G. Brennan

Hudson Institute

Quaker Ridge Road .
Croton-on-Hudson, New York 10520

Dr. Bermard Brodie

University of California at
Los Angeles

Los Angeles, California 90032

Dr. William Brown
Hudson Institute’

" Quaker Ridge Road

Croton-on-Hudson, New York 10520

Dr. Conrad V. Chester

Oek Ridge National Laboratory
Building 450C-S, Room S-240
Post Office Box E

Oak Ridge, Ternessee 37830

Institute for Defense Amlyses
400 Army-Navy Lrive
Arlington, Virginla 22202

PP L%, ¢ WOF n o T Nat s Ben M e e NN, U T P SR

(1)
(1)
(1)
1) _E
i
(1)
.
14
(1)
(1)
(1
(41)




f Blast Damage for Several
Paper P-1373) by Leo A. Scimidt,
for Defense Analyses,

(Contract DCPAO1-77-C-0215,

Analytioal Rupresentatives o
f Targets, (IDA

r., Uclassified, Institute

October 1978, 67 pages,

Work Untt 4114G)

Types o
J

faklie T o

R T T T T T I IR LI T e e e

o s .
sat of individual weapons attacking a target by a

give maxi-
h 1s applied to several

types of target damage functions and methods of weapon

targeting.

weapon density function that 1s ootimized to
mm damage. This basic approac

.y . I

. an E §£3 gm 2
it e
YL S I I §§§
bt el B,
i il il
§§§§ E%’zgg“ﬁi 3'§$s~a§§3,
STl TR
Piioy B4 ggg Eg‘gsgﬁﬁs
R (L L
i R
il alehdh Dualist

of damage
that

ed for sets of dimensicnless parameters
govern the damage sensitivity to weapon usage. As a

form. The
{llustrate

results can

ed in some detail to

the nature of the results obtained. Charts
on, they can form detailed rumerical

damage for a particular target from

sented in relatively simple analytical
a specific set of weapon aimpoints.

Attention 1s restricted to cases where the
ct;:rip:;tiam are present.

are

practical appllcati

calculations of the

tute for Defense Armlyses,
(Contract DCFAOL-77-C~0215,

Turgets, (IDA Paper P-1373) by Leo A. Schmidt,

of

Analytical Representations of Blast Damage for Several

> ., Unclassified, Instif

Types
J

1. §1 ifped 2
Mt sl
it i
Hisstcs
T IRT
: 5%“§§5 L
G A
53§§g§§3 ?52&2335
il b
2353§%§§§§s§§s§§%,

specific set of weapon aimpoirts.




